Maternal high-fat diet (HFD) is associated with cardiovascular disease later in life. This study tested the hypothesis that maternal HFD causes programming of increased cardiac angiotensin II receptor type 2 (AGTR2) expression, resulting in heightened cardiac susceptibility to ischemic injury in male offspring in a sex-dependent manner. Pregnant rats were divided between control and HFD (HFD-fed during gestation) groups. Maternal HFD resulted in cardiac hypertrophy in only male offspring, but had no effect on cardiac systolic and diastolic function in both male and female offspring. In addition, maternal HFD increased heart susceptibility to ischemia-reperfusion injury in adult male offspring, but not female offspring. There was an increase in Agtr2 mRNA and protein abundance in male, but not female offspring. However, maternal HFD had no effect on angiotensin II receptor type 1 (AGTR1) expression in both male and female offspring. HFD resulted in decreased glucocorticoid receptors (GRs) binding to the glucocorticoid response elements at the Agtr2 promoter, which was due to decreased GRs in the hearts of adult male offspring. Inhibition of AGTR2 with PD123319 abrogated maternal HFD-induced increase in cardiac ischemic vulnerability in male adult rats. The results demonstrate that maternal HFD causes programming of increased Agtr2 gene expression in the heart by downregulation of GR, contributing to the heightened cardiac vulnerability to ischemic injury in adult male offspring in a sex-dependent manner.
INTRODUCTION
Epidemiological and animal studies have shown a clear association of adverse intrauterine environment with an increased risk of cardiovascular diseases in adulthood [1, 2] . Obesity is one of the most important and clinically relevant factors that can adversely affect fetal development. Maternal obesity is a major public health problem, and its prevalence has increased at an alarming rate (from 1.8% to 25.3%) across different countries [3] [4] [5] . Maternal obesity is associated with various adverse outcomes for the mother, such as preeclampsia and gestational diabetes. Maternal overweight and obesity are also considered as the important risk factor for adult diseases in offspring, including metabolic disorders, hypertension, cardiovascular disease, and type 2 diabetes [6] [7] [8] [9] .
Angiotensin II (AngII) plays a vital role in the regulation of cardiovascular homeostasis and is involved in the intrauterine programming of cardio-cerebrovascular diseases [10] [11] [12] . Previous studies have demonstrated that both AngII receptor type 1 (AGTR1) and type 2 (AGTR2) expression plays an important role in cardio-cerebrovascular disease pathophysiology and that these diseases can be programmed during gestation [10] [11] [12] [13] [14] . It has been shown that glucocorticoids positively regulate AGTR1 and negatively regulate AGTR2. Glucocorticoid influences gene expression through the glucocorticoid receptor (GR), a member of the nuclear receptor superfamily of ligand-dependent transcription factor. Furthermore, GR plays a vital role in fetal programming of Agtr1 and Agtr2 expressions in offspring [10, 15] .
To what extent maternal high-fat diet (HFD) adversely affects the heart susceptibility to ischemia-reperfusion (I/R) injury in adult offspring and whether there exist gender-specific susceptibility is unclear. Moreover, whether AGTRs play a role in the programming of maternal HFD-related adult cardiovascular diseases is unknown. Herein, we present evidence of a novel finding that maternal HFD causes programming of increased Agtr2 gene expression in the heart, which contributes to heightened cardiac sensitivity to I/R injury in adult male offspring rats in a sex-dependent manner. Furthermore, we demonstrate that maternal HFD causes increased Agtr2 gene expression in adult male hearts, which is likely caused by the downregulation of GR.
MATERIALS AND METHODS

Experimental Animals
Sprague-Dawley rats were purchased from Guangdong Medical Laboratory Animal Center. After mating, pregnant rats were randomly divided into the control group and HFD group. Pregnant rats from the control group were fed a standard laboratory chow diet (4.3% fat, 20% protein, 49% carbohydrate, 4.8% fiber, 6.6% ash, and 9.7% moisture, vitamins, and minerals). Pregnant rats from HFD group were fed a HFD (35% fat, 26% protein, 26% carbohydrate) from Days 1 to 21 of gestation. At birth, pups were culled to 10 per litter to normalize rearing. All the experimental groups contained five to eight offspring from five to eight litters per group. All the offspring were fed standard diet. Animals were maintained in 12L:12D cycles at constant temperature and humidity. All the procedures and protocols used in the present study were approved by the Institutional Animal Care and Use Committee (approval reference number, 2013-62), and followed the guidelines by the U.S. National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Echocardiography
Transthoracic echocardiography was performed with a VisualSonics (Vevo 2100; VisualSonics Inc.) equipped with a 25 MHz imaging transducer. Rats were kept anesthetized with 2% isoflurane gas with an inflow rate of 0.5-1.5 ml/min during the echocardiographic examination. The left ventricle (LV) was analyzed through the parasternal long-and short-axis views, with Doppler images for LV systolic function, LV cavity diameter, wall thickness, diastolic function, and LV end-systolic and end-diastolic volume determination. Throughout the procedure, electrocardiography, respiratory rate (RR), and heart rate (HR) were monitored. An increased rate (RR and HR) was a sign that the anesthesia was too light, whereas a decreased or irregular rate (RR and HR) was indicative of anesthesia that was too deep. The isoflurane gas volume was therefore regulated according to the rate in order to ensure an adequate depth of anesthesia.
Hearts Subjected to Ischemia and Reperfusion
Hearts of 3-mo-old male and female offspring were isolated rapidly and retrogradely perfused via the aorta in a modified Langendorff apparatus as previously described [16] . Rats were anesthetized by intramuscular injection of ketamine (75 mg/kg) and xylazine (5 mg/kg) and assessed to be adequately anesthetized. After the baseline recording, hearts were perfused for 5 min in the absence or presence of PD123319 (0.3 lM, a selective AGTR2 antagonist), followed by subjection to 25 min of global ischemia and 40 min of reperfusion. Left ventricular developed pressure (LVDP), HR, maximal rate of contraction (dP/dt max ), maximal rate of relaxation (dP/dt min ), and LV end diastolic pressure (LVEDP) were continuously recorded.
Myocardial Infarct Size and Lactate Dehydrogenase Activity
Myocardial infarct size and lactose dehydrogenase (LDH) activity were measured as described previously [16] . Briefly, at the end of reperfusion, LVs were collected, cut into four slices, incubated in 1% triphenyltetrazolium chloride for 15 min at 378C, and fixed with formalin for 30 min. Each slice was then photographed (Kodak digital camera) separately, and the areas of myocardial infarction in each slice were analyzed by computerized planimetry (Image-Pro Plus), corrected for the tissue weight, summed for each heart, and expressed as a percentage of the total LV weight. LDH was measured in coronary effluent collected at 30 sec before the onset of ischemia, and at 0, 1, 2, 3, 4, 5, 10, 15, 20, and 30 min of reperfusion. LDH activity was measured using a standard assay (TOX 7 kit; Sigma), following the manufacturer's directions. According to the standard curve, LDH was analyzed and expressed as area under curve (AUC).
Measurement of AngII
Blood was collected from the adult male and female offspring. Plasma AngII concentration was measured by a RayBio rat AngII enzyme immunoassay kit (RayBiotech, Inc.) following the manufacturer's instructions, including all the reagents, samples, and standards. Each well received 100 ll anti-AngII antibody and allowed to incubate 1.5 h at room temperature. After washing, 100 ll standard or sample was added to each well and incubated 2.5 h at room temperature without light. Each well received 100 ll prepared streptavidin solution and was allowed to incubate for 45 min at room temperature. A total of 100 ll 3,3 0 ,5,5 0 -tetramethylbenzidine one-step reagent was then added to each well and incubated for 30 min. The reaction was terminated by the addition of 50 ll stop solution. The absorbance was measured immediately at a wavelength of 450 nm. AngII was analyzed according to the standard curve.
Measurement of Cortisol and Corticosterone
Blood was collected from the adult male and female offspring. Plasma cortisol/corticosterone concentration was measured by a cortisol/corticosterone enzyme-linked immunosorbent assay kit for the rat (Xinyu Biotechnology Company) following the manufacturer's instructions. The standard curve was generated using the reference standard set supplied in the kit. The results were read using a microplate reader (Labsystems Dragon, Wellscan MK3; BeckMan) at wavelengths of 450 nm. The plasma cortisol and corticosterone concentration was calculated based on the standard curve.
Western Blot Analysis
Hearts were homogenized in a lysis buffer containing 150 mM NaCl, 50 mM Tris HCl, 10 mM ethylenediaminetetraacetic acid, 0.1% Tween-20, 1% Triton, 0.1% b-mercaptoethanol, 0.1 mM phenylmethylsulfonyl fluoride, 5 lg/ ml leupeptin, and 5 lg/ml aprotinin, pH 7.4, and incubated for 1 h on ice. Homogenates were then centrifuged at 48C for 10 min at 10 000 3 g, and supernatants collected. Protein concentrations were measured using a protein assay kit (Bio-Rad). Samples with equal amounts of protein were separated on 10% polyacrylamide gel and transferred to nitrocellulose membranes. The membranes were incubated with primary antibodies against AGTR1 (1:500 dilution), AGTR2 (1:500 dilution), and GR (1:500 dilution) (Abcam). To assure equal loading, band intensities were normalized to actin. After washing, membranes were incubated with secondary horseradish peroxidase-conjugated antibodies. Proteins were visualized with enhanced chemiluminescence reagents, and blots were exposed to Hyperfilm. Molecular band intensity was determined by densitometry (Bio-Rad image software).
Real-Time RT-PCR
RNA was extracted from hearts using TRIzol protocol (Invitrogen). Agtr1a, Agtr1b, Agtr2, Nppa, Myh6, and Myh7 mRNA abundance was determined by real-time RT-PCR using Icycler Thermal cycler (Bio-Rad) as described previously [10] . The primers used were: Agtr1a,
0 -cgagtcccaggt caacaag-3 0 (forward) and 5 0 -aggctctttctgctggacc-3 0 (reverse); and Myh7, 5 0 -catccccaatgagacgaag-3 0 (forward) and 5 0 -aggctctttctgctggaca-3 0 (reverse). Real-time RT-PCR was performed in a final volume of 25 ll. Each PCR reaction mixture consisted of primers, iScript reverse transcriptase, and iQ SYBR Green Supermix (Bio-Rad). We used the following RT-PCR protocol: 508C for 10 min, 958C for 5 min, followed by 40 cycles of 958C for 10 sec, 568C for 30 sec, and 728C for 10 sec. GAPDH was used as an internal reference. PCR was performed in triplicate, and threshold cycle numbers were averaged.
Chromatin Immunoprecipitation
Chromatin extracts were prepared from LVs. Chromatin immunoprecipitation (ChIP) assays were performed using the ChIP-IT kit (Active Motif) as previously described [11] . Briefly, LVs were exposed to 1% formaldehyde for 10 min to crosslink and maintain DNA/protein interactions. After the reactions were stopped with glycine, chromatin extracts (nuclear extract) were prepared and sonicated to produce DNA fragments (100-1000 base pairs). ChIP reactions were performed using GR antibody to precipitate the transcription factor/DNA complex. Crosslinking was then reversed using a salt solution, and the proteins were digested with proteinase K. Primers flanking GRE4, GRE5, GRE6, GRE7, and GRE8 at the promoter of Agtr2 were used: 5 0 -gcaagcagggtagagattaaa-3 0 (forward) and 5
0 (forward) and 5-acttaccttaaaatgcaggct-3 0 (reverse). PCR amplification products were visualized on 2% agarose gel stained with ethidium bromide. To quantify PCR amplification, real-time PCR were carried out with 5 min initial denaturation followed by 45 cycles of 958C for 10 sec, 568C for 30 sec, and 728C for 10 sec, using the iQ SYBR Green Supermix with iCycler real-time PCR system (Bio-Rad).
Statistical Analysis
Data are expressed as mean 6 SEM. Statistical significance (P , 0.05) was determined by analysis of variance (ANOVA) followed by Neuman-Keuls post hoc testing or Student t-test, where appropriate.
RESULTS
Body Weight and Heart Weight
There was no difference in maternal body weight between the control and HFD groups at the beginning of the study. However, maternal body weight was increased on Day 21 in HFD-fed rats compared to control rats (380 6 8.02 g vs. 432
XUE ET AL. 6 8.12 g). Maternal HFD had no significant effect on the litter size (10.7 6 0.9 vs. 11.0 6 0.8). As shown in Table 1 , maternal HFD had no effect on body weight, but increased the heart weight and heart weight-to-body weight in the adult male offspring. In contrast, there was no significant difference in body weight, heart weight, and heart weight-to-body weight in the adult female offspring compared to the control group ( Table 1) .
Effect of Maternal HFD on Cardiac Systolic Function in Adult Male and Female Offspring
Left ventricular systolic function was determined by echocardiography. M-mode images showed that maternal HFD increased the thickness of the LV, including LV enddiastolic anterior wall thickness (LVAWd), LV end-diastolic posterior wall thickness (LVPWd), LV end-systolic anterior wall thickness (LVAWs), and LV end-systolic posterior wall thickness (LVPWs), but decreased LV end-diastolic internal diameter (LVIDd) and LV end-systolic internal diameter (LVIDs) in adult male offspring (Fig. 1) . In addition, compared to control offspring, ejection fraction (EF) and fractional shortening (FS) were increased in HFD male offspring. However, in contrast to the finding in male offspring, maternal HFD had no effect on the LV wall thickness and LV systolic function in adult female offspring, including LVAWd, LVPWd, LVAWs, LVPWs, LVIDd, LVIDs, EF, and FS (Fig. 1) .
Effect of Maternal HFD on Cardiac Diastolic Function in Adult Male and Female Offspring
To characterize the diastolic function of the LV, we compared the Doppler echocardiographic data of each group. As shown in Figure 2 , the transmitral filling pattern showed that compared with control rats, LV diastolic function had no marked difference in both HFD male and female offspring. Parameters reflecting LV diastolic function include A-wave velocity, E-wave velocity, the ratio of the E-to A-wave, deceleration time in the E-wave, isovolumetric relaxation time, and ejection time.
Maternal HFD Increased the Cardiac Hypertrophy in Adult Male Offspring
Given that expression of Nppa, Myh6, and Myh7 is commonly used as a molecular marker of hypertrophy [17] , Nppa, Myh6, and Myh7 mRNA was determined by real-time RT PCR. As shown in Figure 3 , maternal HFD increased the Nppa mRNA abundance in adult male offspring. In addition, maternal HFD resulted in upregulation of Myh7 with corresponding downregulation of Myh6 mRNA abundance in adult male offspring, demonstrating the development of hypertrophy in HFD male offspring. Maternal HFD had no effect on HR, LVDP, dP/dt max , dP/ dt min , and coronary flow rate at the baseline in male and female offspring ( Table 2) . Compared with the control group, there was a significant decrease in postischemic recovery of LVDP, and increases in LVEDP, infarct size, and LDH release (Fig. 4,  A-D) . Furthermore, a significant decrease in the recovery of dP/dt max , and dP/dt min was observed in the HFD male offspring (Supplemental Fig. S1 ; Supplemental Data are available online at www.biolreprod.org). Recovery of HR and coronary flow rate was not significantly different between the control and HFD male groups (Supplemental Fig. S1 ). In contrast to the finding in male offspring, maternal HFD did not affect postischemic recovery of LVDP, dP/dt max , dP/dt min , LVEDP, infarct size, LDH release, HR and coronary flow in adult female offspring (Fig. 4 , E-H, and Supplemental Fig. S2 ).
Effect of Maternal HFD on Plasma AngII and Cardiac Agtr1 and Agtr2 in Adult Male and Female Offspring
As shown in Figure 5A , maternal HFD increased plasma AngII concentration in adult male offspring, but not female offspring (Fig. 5D ). Cardiac AGTR2 protein (Fig. 5B) and mRNA (Fig. 5C ) were significantly increased in adult male offspring from HFD rats compared to control offspring. However, maternal HFD had no effect on AGTR2 protein (Fig. 5E ) and mRNA abundance (Fig. 5F ) in adult female offspring. In addition, there was no significant effect of maternal HFD on cardiac AGTR1 protein and Agtr1a and Agtr1b mRNA abundance in both male and female offspring (Fig. 5) .
Inhibition of AGTR2 Restores Maternal HFD-Induced Cardiac Vulnerability to Ischemic Injury in Male Offspring
To demonstrate the cause and effect relation between upregulation of AGTR2 and maternal HFD-induced increase in heart vulnerability to I/R injury in male offspring, PD123319, a selective AGTR2 antagonist, was used during I/R. PD123319 increased postischemic recovery of LV function and abolished the difference of LVDP, dP/dt max , dP/dt min , LVEDP, infarct size, and LDH release in ischemic injury observed between the control and HFD male offspring ( Fig. 6 and Supplemental Fig.  S1 )
Effect of Maternal HFD on Cortisol, Corticosterone Levels, GR Abundance, and Binding of GR and GRE at the Promoter of Agtr2 in Adult Male Offspring Plasma cortisol concentration was not significantly different between control and obese group in both male (101.2 6 3.5 lg/L vs. 96.4 6 9.7 lg/L, P . 0.05) and female (91.4 6 3.4 lg/L vs. 89.8 6 13.5 lg/L, P . 0.05) offspring. In addition, maternal HFD had no effect on corticosterone levels in both (Fig. 7A) . Previous studies demonstrated that glucocorticoids negatively regulate Agtr2 by GR [10] . To determine the effect of maternal HFD on the binding of GR to GRE at Agtr2 promoter in the context of chromatin, ChIP assays were performed. We found that maternal HFD caused significant decreases in GR binding to GRE4, 5, 6, 7, and 8 at the Agtr2 promoter in adult male offspring (Fig. 7B) . 
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DISCUSSION
The novel findings of the present study are: 1) maternal HFD cause cardiac hypertrophy in a sex-dependent manner; 2) maternal HFD significantly increases heart vulnerability to I/R injury in adult male, but not female offspring; 3) maternal HFD differently regulates the expression of AGTR1 and AGTR2 in sex-dependent manner; 4) upregulation of AGTR2 plays a causal role in maternal HFD-induced, heightened heart vulnerability to I/R injury in male offspring; and 5) decreased GR binding to GREs at the Agtr2 promoter is the mechanism of HFD-mediated Agtr2 gene upregulation.
The present study showed that maternal HFD had no effect on body weight but increased the heart weight and heart weight-to-body weight in the adult male offspring, which was supported by the echocardiographic analysis showing increased wall thickness and decreased LV internal diameters in adult male offspring. In addition, the present study demonstrated that maternal HFD increased the expression of Nppa and Myh7, and decreased Myh6, suggesting that maternal HFD caused cardiomyocyte hypertrophy in adult male offspring rats. It is consistent with a previous study reporting that maternal overnutrition during pregnancy and lactation in mice resulted in cardiac hypertrophy in male offspring [18] . Indeed, the changes in the myocardium have also been previously reported for other models of fetal programming. For example, fetal hypoxia caused a premature exit of the cell cycle of cardiomyocytes and myocyte hypertrophy in male offspring [19, 20] . In addition, echocardiographic analysis showed maternal HFD maintained normal systolic and diastolic function, indicating that the concentric geometric remodeling with a reduction in LV chamber size relative to wall thickness is an adaptation to preserve LV pump function.
Consistent with echocardiographic analysis, maternal HFD had no effect on the LV systolic and diastolic function at resting level in an isolated working heart. Previous epidemiological studies in humans, as well as studies in animals, have provided ample evidence for an association of an adverse intrauterine environment, including hypoxia, cocaine exposure, and maternal low-protein diet, and an increased risk of hypertension and ischemic heart disease in later life [21] [22] [23] [24] [25] . However, our data are the first to demonstrate that in adult male rat offspring, maternal HFD caused an increase in cardiac susceptibility to I/R injury. Specially, we found that adult male offspring of obese rats have a significantly increased infarct size and LDH release following the I/R in an isolated working heart. It seems that fetal programming of the heart is associated with adaptive responses including cellular hypertrophy. The consequences of the compensative changes are not immediately apparent but may be the key factors in sensitizing the heart to pathophysiological injury.
The present study demonstrates for the first time that maternal HFD results in programming of differential expression patterns of AGTRs in the heart of offspring. The finding that maternal HFD increased Agtr2 expression in adult male offspring is intriguing and suggests reprogramming of a fetal gene of pathophysiological significance in the heart. It is well known that the AGTR2 is widely distributed in fetal tissues; however, its expression sharply declines in most organs including the heart [10, 26] . AGTR2 can be regulated in many pathological conditions, including inflammation, hypertension, heart failure, and myocardial ischemic injury [27] . The functional role of AGTR2 in normal or diseased hearts in much less clear and appears controversial [28] [29] [30] . While AGTR1 stimulates cell growth and proliferation, AGTR2 mediates antigrowth and apoptosis [31, 32] . Some previous studies demonstrated that AGTR2 reduced the cardiac hypertrophy and fibrosis process in vivo [33, 34] . However contradictory results were demonstrated in several reports showing possible roles of AGTR2 in medical hypertrophy and fibrosis in aorta and cultured cells [35, 36] . Additionally, previous study in an Agtr2 knockout mouse model demonstrated that increased AngII causes proliferation of cardiac fibroblasts and an increase in collagen deposition, contributing to an increase in the development of diastolic dysfunction by Agtr2 [37, 38] . Recent studies have demonstrated a link between fetal insults and the alteration of Agtr1 and Agtr2 genes expression in the adrenal, kidney, and brain in adult life of offspring [11, 12, 15, 39] . The present study demonstrated that maternal HFD-mediated cardiac hypertrophy in male offspring was associated with significant increase in heart AGTR2 expression. Unlike AGTR2, AGTR1 was not significantly altered, suggesting its minimal role in maternal HFD-induced cardiac dysfunction in the male offspring. Of importance, the increased cardiac AGTR2 level in adult male offspring demonstrated in the present study is likely to play a pivotal role in the heightened heart vulnerability to acute I/R injury in adult male offspring from the HFD rats. The finding that blockade of AGTR2 with PD123319 rescued the myocardial phenotype of increased ischemic susceptibility supports a cause-and-effect role of AGTR2 upregulation in maternal HFD-induced increase in cardiac ischemic injury in adult male offspring. The effect of AGTR1 and AGTR2 on I/R 
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injury in the heart remains controversial, which depends on systemic versus local blockade as well as chronic versus acute blockade of AGTR1 and AGTR2. Indeed, studies of the acute effects of AGTR2 antagonists on the recovery of LV function in isolated working hearts suggested a cardioprotective effect of AGTR2 blockade, but not AGTR1 blockade [40, 41] . Similar to the present finding, the previous study showed that maternal hypoxia caused an increased cardiac ischemic susceptibility in male adult offspring due to upregulation of AGTR2 [10] . The expression changes noted in AGTR2 but not AGTR1 are intriguing given that AGTR1 expression is protective under acute ischemic insult. It is likely that the relative ratio of AGTR2/AGTR1 is an important factor influencing cardioprotection.
The present study demonstrated that maternal HFD had no effect on glucocorticoids, including cortisol and corticosterone, but caused significant decreases in both total and nuclear GR protein abundance in the heart of adult male offspring, suggesting the glucocorticoid level in male offspring is not related to the downregulation of GR. Previous study has shown GR is regulated, in part, by epigenetic mechanism, specifically DNA methylation [42, 43] . GR transcription is controlled by nine promoters, and seven of these promoters are clustered together in a CpG island [44] . CpG island methylation at promoters is generally associated with gene repression. It is likely that the hypermethylation of GR gene promoter results in downregulation of GR in HFD adult male offspring. Future studies are needed to determine the precise mechanisms. Maternal factors such as malnutrition, hypoxia, or drug abuse weaken cardioprotective measures within the myocardium. The present study provides additional insight as to the mechanism by which intrauterine stress in the form of maternal malnutrition can program the heart for cardiac dysfunction and vulnerability. A previous study showed the inhibitory role of glucocorticoids via GREs at the Agtr2 promoter and a decrease in GR abundance and increased Agtr2 expression in adult offspring exposed to maternal hypoxia [10] . In the present study, the ChIP assay showed that maternal HFD resulted in a decrease in GR binding to the GREs at the Agtr2 promoter in adult male hearts. These findings provides a plausible mechanism that may contribute to the partial reversal of glucocorticoid-dependent downregulation of Agtr2, resulting in the increased Agtr2 expression in the heart of male offspring resulting from maternal HFD.
The finding of sex dichotomy in manifestation of cardiac dysfunction in adult offspring resulting from maternal HFD is intriguing and is consistent with previous findings that maternal cocaine exposure and hypoxia increased cardiac vulnerability to ischemic injury in only male offspring [16, 23] . However, perinatal nicotine caused a decrease in LV function after I/R injury in both male and female offspring [45] . Additionally, a previous study showed the offspring sexspecific metabolic disorder induced by maternal high-fat-diet feeding [46] . These findings suggest differential sex mechanisms of fetal cardiac programming caused by an adverse intrauterine environment. Although the results of sex bias are conflicting, male offspring are generally more sensitive in manifestation of cardiovascular disease caused by adverse prenatal stimuli [47] . It is likely that multiple mechanisms are involved in the sex-specific effect of maternal HFD. In the present study, we found that AGTR2 protein and mRNA abundance were significantly increased only in male offspring but not female offspring of HFD rats. Maternal HFD had no effect on the cardiac function in adult female offspring, which was associated with a lack of change in AGTR2 expression. Consistent with the present findings, sex differences in perinatal stress-mediated programming of gene expression and subsequent disease development have been well reported previously with males often being at higher risk of disease compared to female [1, 2, 48] . Further studies of the precise underlying mechanisms in sex dichotomy in cardiac dysfunction induced by maternal HFD are warranted.
In conclusion, the present investigation offers supporting evidence that maternal HFD increases heart susceptibility to I/ R injury through programming of upregulation of AGTR2 expression in the heart of adult male offspring in a sexdependent manner. The present study has important clinical significance and provides a mechanistic understanding worthy of investigation in humans because HFD is one of the most important and clinically relevant stresses to the developing FIG. 7. Effect of maternal HFD on GR abundance and binding of GR and GRE at the promoter of Agtr2 in adult male offspring. Hearts were isolated from adult male offspring. A) Total and nuclear GR abundance was determined by Western blot analysis. B) GR binding to GRE at promoter of Agtr2 was determined by ChIP assay. Con, control; HFD, high-fat diet. Values are presented as means 6 SEM, *P , 0.05, HFD versus Con, n ¼ 6.
fetus. The present study provides an opportunity to gain mechanistic insight into the role of AGTRs in mediating programmed cardiovascular dysfunction and to establish its potential as a target of therapeutic intervention. Therefore, early life may represent a critical period during which intervention strategies could be developed to reduce the prevalence of obesity.
